Introduction {#H1-1-ZOI190403}
============

Screening is an effective preventive intervention for reducing the risk of death from colorectal cancer (CRC), but uptake is suboptimal despite considerable efforts.^[@zoi190403r1],[@zoi190403r2],[@zoi190403r3],[@zoi190403r4],[@zoi190403r5]^ Colonoscopy and fecal immunochemical testing (FIT) are both considered top-tier tests according to recent guidelines.^[@zoi190403r6],[@zoi190403r7],[@zoi190403r8]^ Mailing FIT directly to patients' homes has been shown to boost CRC screening rates,^[@zoi190403r9],[@zoi190403r10],[@zoi190403r11],[@zoi190403r12],[@zoi190403r13]^ but it requires annual outreach to be effective, while colonoscopy may be needed only every 10 years. Guidelines also suggest offering multiple options together (colonoscopy or FIT) or sequentially (colonoscopy and then FIT among those who decline),^[@zoi190403r6]^ but there is limited evidence of how the differing approaches to offering choice in screening alter uptake and pattern of testing.^[@zoi190403r14],[@zoi190403r15],[@zoi190403r16],[@zoi190403r17],[@zoi190403r18]^

Behavioral economic insights about "choice architecture" suggest that screening participation could be influenced by how the choices are presented to patients.^[@zoi190403r19],[@zoi190403r20],[@zoi190403r21],[@zoi190403r22],[@zoi190403r23]^ Conventional thinking implies that giving patients a choice of screening options allows them to align screening with their preferences. This would suggest that greater choice is always preferable for patients. However, more choices may also overwhelm patients and reduce participation and satisfaction through choice overload.^[@zoi190403r24],[@zoi190403r25],[@zoi190403r26]^ In addition, sequential choice may increase the completion of colonoscopy vs FIT by leveraging status quo bias and framing colonoscopy as the default option.^[@zoi190403r19],[@zoi190403r27],[@zoi190403r28]^ Colonoscopy's infrequent screening interval offers advantage over yearly testing with FIT, but FIT offers simplicity and convenience of completing screening at home without the need for bowel preparation. In this study, we investigated response rates for offering colonoscopy only compared with sequential choice (colonoscopy and then FIT) or active choice (colonoscopy or FIT) through mailed outreach.

Methods {#H1-2-ZOI190403}
=======

Study Design {#H2-1-ZOI190403}
------------

This was a 3-arm pragmatic randomized clinical trial of mailed outreach to determine the effectiveness of offering different choices of colonoscopy only or with FIT for CRC screening. We compared the following approaches: (1) direct phone number to call for scheduling colonoscopy (colonoscopy only), (2) direct phone number to call for colonoscopy and a mailed FIT kit if no response within 4 weeks (sequential choice), or (3) direct phone number to call for colonoscopy and a mailed FIT kit offered together (active choice). The study was approved by the institutional review board at the University of Pennsylvania. A waiver of informed consent was obtained because the study posed minimal risk to patients and could not have been practicably carried out without the waiver.^[@zoi190403r29]^ The trial protocol and statistical analysis plan are available in [Supplement 1](#note-ZOI190403-1-s){ref-type="supplementary-material"}. This study followed the Consolidated Standards of Reporting Trials ([CONSORT](http://www.equator-network.org/reporting-guidelines/consort/)) reporting guideline, including the checklist and diagram to track participants during the enrollment and trial procedures ([Figure 1](#zoi190403f1){ref-type="fig"}).

![CONSORT Diagram of Randomized Clinical Trial to Increase Rates of Colorectal Cancer Screening\
Some patients were excluded for multiple reasons. CONSORT indicates Consolidated Standards of Reporting Trials; CRC, colorectal cancer.](jamanetwopen-2-e1910305-g001){#zoi190403f1}

Study Population {#H2-2-ZOI190403}
----------------

The study included patients at 2 primary care practices at the University of Pennsylvania serving a sociodemographically diverse population in the Philadelphia region. Patients were identified through automated data extraction from the electronic health record (EHR) in August 2017. We included patients aged 50 to 74 years with at least 2 primary care visits to the clinic in the 2-year preenrollment period who were overdue for CRC screening and had a home zip code within the Philadelphia-Wilmington-Camden Metropolitan Statistical Area. Overdue was defined as not having completed colonoscopy within the past 10 years, flexible sigmoidoscopy within the past 5 years, or stool testing within the past year. We excluded patients with a personal or family history of CRC, colonic polyps, hereditary nonpolyposis colorectal cancer syndrome, familial adenomatous polyposis syndrome, other gastrointestinal cancer, gastrointestinal bleeding, iron-deficiency anemia, inflammatory bowel disease, other colitis, or history of colectomy. Patients were also excluded if they had a diagnosis of end-stage renal disease, cirrhosis, metastatic cancer, congestive heart failure, or dementia because such conditions may compromise life expectancy and outweigh the benefits of screening.

Medical record review for all patients was performed by research staff after the automated data pull to confirm eligibility from August to October 2017. For all included patients, primary care clinicians (physicians or nurse practitioners) were provided an opportunity to remove any of their patients from participation through opt-out messaging.

Interventions {#H2-3-ZOI190403}
-------------

Eligible patients were randomized in a 1:1:1 allocation ratio using a computerized random number generator. All patients received a letter from their primary care clinician describing the benefits of CRC screening and indicating that they were overdue according to health records. Those in the colonoscopy-only arm received a phone number to call for direct scheduling of colonoscopy through the call center. If they did not schedule or complete colonoscopy in 4 weeks, they received a follow-up letter describing the same information about colonoscopy scheduling. Those in the sequential choice arm received a phone number to call for direct scheduling of colonoscopy. If they did not schedule or complete colonoscopy in 4 weeks, they received a follow-up letter describing the colonoscopy scheduling information and an enclosed FIT kit. The FIT kit included a sample collection tube, instructions for use, a phone number to call with questions, and a stamped envelope to mail the collected sample to the laboratory at no cost to the patient. Those in the active choice arm received a phone number to call for direct scheduling of colonoscopy and an enclosed FIT kit with materials described above. If they did not respond in 4 weeks, they received a follow-up letter describing colonoscopy scheduling information and information about the previously sent FIT kit.

The patients who scheduled colonoscopy received the standard information about preparation instructions, and those who completed the procedure received follow-up from the endoscopist about the results. All FIT results were sent to the patient's primary care clinician, and patients with negative results received a letter. For patients with positive results, research staff contacted the primary care clinician directly to coordinate follow-up diagnostic colonoscopy; in such cases, patients received both a phone call and a follow-up letter. The investigators were masked to patient data and randomization, but the research staff were not masked because they were administering the interventions.

Postintervention Interviews {#H2-4-ZOI190403}
---------------------------

After the follow-up time frame was completed, 30 participants from each arm were randomly selected to complete a follow-up semistructured interview about their experience with CRC screening, the outreach materials, and choice of testing. Research staff made up to 3 attempts to contact the selected participants.

Study Outcomes {#H2-5-ZOI190403}
--------------

The primary outcome was CRC screening completion (FIT or colonoscopy) within 4 months of initial outreach. The secondary outcomes were CRC screening completion within 6 months of outreach and the choice of colonoscopy as a screening test among those who completed screening at 4 and 6 months. The CRC screening completion rate was any documented evidence of CRC screening in the EHR, including those screened through study processes or routine care. We also tracked the results of screening colonoscopy and the outcomes of patients with positive FIT, including receipt of colonoscopy and the findings during colonoscopy.

Data were obtained from the EHR through automated data extraction and medical record review by research staff. Race/ethnicity data based on self-reported data in the EHR to evaluate response rate because many studies have shown racial/ethnic differences in screening participation. Household income was estimated using the American Community Survey 2012-2016 five-year estimates data for median income by zip code of residence.

Statistical Analysis {#H2-6-ZOI190403}
--------------------

Based on a prior study^[@zoi190403r30]^ using the direct colonoscopy scheduling process, we estimated a 5% base return rate for the colonoscopy-only arm. Enrollment of 423 participants allowed us to detect an 11% increase in response rate (comparing each choice arm with the control arm) using a 2-sided χ^2^ test with 80% power and a type I error rate of 0.025, accounting for 3 pairwise comparisons with Bonferroni correction (*P* value of .05 / 2 = .025). We report response rates as proportions with 95% CIs. Comparisons between arms were performed using the test of proportions between each choice arm and the control arm for the 4-month and 6-month response rates and the choice of colonoscopy. We also performed subgroup analyses for the primary outcome by sex, race/ethnicity, and practice site. All analyses were performed using statistical software (Stata, version 15.0; StataCorp).

Results {#H1-3-ZOI190403}
=======

Patient Characteristics {#H2-7-ZOI190403}
-----------------------

A total of 599 potentially eligible patients were identified through automated data extraction; 438 of these patients were included after medical record review and randomly assigned to the 3 study arms ([Figure 1](#zoi190403f1){ref-type="fig"}). The median age was 56 years (interquartile range \[IQR\], 52-63 years); 55.0% were women. Approximately 76.9% (337 of 438) had commercial insurance, and 15.9% (70 of 438) were insured by Medicare. About 49% (215 of 438) of patients were non-Hispanic white, and 36.1% (158 of 438) were non-Hispanic black ([Table 1](#zoi190403t1){ref-type="table"}). The median household income was \$84 868 (IQR, \$32 873-\$111 892). One patient in the active choice arm died during the study follow-up period, but all patients were included in the intent-to-treat analysis. The intervention was conducted between November 14, 2017, and May 14, 2018, when 6-month follow-up was completed for all randomized participants.

###### Demographic Characteristics by Study Arm Assignment

  Variable                                                                       No. (%)                                             
  ------------------------------------------------------------------------------ ------------------------- ------------------------- -------------------------
  Female                                                                         82 (56.2)                 81 (55.5)                 78 (53.4)
  Age, median (IQR), y                                                           57 (53-63)                57 (54-63)                55 (52-61)
  Race/ethnicity[^a^](#zoi190403t1n1){ref-type="table-fn"}                                                                           
  Non-Hispanic white                                                             74 (50.7)                 66 (45.2)                 75 (51.4)
  Non-Hispanic black                                                             50 (34.2)                 52 (36.3)                 55 (37.7)
  Other                                                                          10 (6.8)                  10 (6.8)                  4 (2.7)
  Unknown                                                                        12 (8.2)                  18 (12.3)                 12 (8.2)
  Insurance type                                                                                                                     
  Commercial                                                                     120 (82.2)                107 (73.3)                110 (75.3)
  Medicare                                                                       18 (12.3)                 25 (17.1)                 27 (18.5)
  Medicaid                                                                       8 (5.5)                   13 (8.9)                  9 (6.2)
  Uninsured                                                                      0                         1 (0.7)                   0
  Household income, median (IQR), \$[^b^](#zoi190403t1n2){ref-type="table-fn"}   84 868 (32 873-102 842)   84 868 (32 873-101 577)   88 594 (37 819-113 441)

Abbreviation: IQR, interquartile range.

There were 10 people of Asian race/ethnicity in the colonoscopy-only arm, 8 in the sequential choice arm, and 4 in the active choice arm. There were 1 Hispanic individual and 1 Hawaiian/Pacific Islander individual in sequential choice.

Based on American Community Survey 2012-2016 five-year estimates data.

CRC Screening Completion {#H2-8-ZOI190403}
------------------------

At 4 months, the CRC screening completion rates were 14.4% (95% CI, 8.7%-20.1%) in the colonoscopy-only arm, 17.1% (95% CI, 11.0%-23.2%) in the sequential choice arm, and 19.9% (95% CI, 13.4%-26.4%) in the active choice arm ([Table 2](#zoi190403t2){ref-type="table"}). The screening rate in neither choice arm was statistically greater than that in the colonoscopy-only arm at 4 months. At 6 months, the completion rate was 18.5% (95% CI, 12.2%-24.8%) in the colonoscopy-only arm, 19.2% (95% CI, 12.8%-25.6%) in the sequential choice arm, and 23.3% (95% CI, 16.4%-30.2%) in the active choice arm. There was also no statistically significant difference by arm in screening completion at 6 months.

###### Screening Participation

  Variable                            No. (%) \[95% CI\]           *P* Value                                                              No. (%) \[95% CI\]   *P* Value                                                                                                           
  ----------------------------------- ---------------------------- ---------------------------------------------------------------------- -------------------- ------------------------------------------------------------------------------------------------------------------- --------
  **CRC Screening Within 4 mo**                                                                                                                                                                                                                                                    
  FIT                                 2 (1.4) \[−0.5 to 3.1\]      13 (8.9) \[4.3 to 13.5\]                                               NA                   19 (13.0) \[7.5 to 18.5\]                                                                                           NA
  Colonoscopy                         19 (13.0) \[7.5 to 18.5\]    13 (8.9) \[4.3 to 13.5\]                                               NA                   11 (7.5) \[3.2 to 11.8\]                                                                                            NA
  Any CRC screening                   21 (14.4) \[8.7 to 20.1\]    25 (17.1) \[11.0 to 23.2\][^a^](#zoi190403t2n1){ref-type="table-fn"}   .53                  29 (19.9) \[13.4 to 26.4\][^b^](#zoi190403t2n2){ref-type="table-fn"}                                                .21
  Choice of colonoscopy, % (95% CI)   90.5 (78.0 to 103.0)         52.0 (32.4 to 71.6)[^c^](#zoi190403t2n3){ref-type="table-fn"}          .005                 37.9 (20.2 to 55.6)[^c^](#zoi190403t2n3){ref-type="table-fn"}                                                       \<.001
  **CRC Screening Within 6 mo**                                                                                                                                                                                                                                                    
  FIT                                 4 (2.7) \[0.1 to 5.3\]       13 (8.9) \[4.3 to 13.5\]                                               NA                   20 (13.7) \[8.1 to 19.3\]                                                                                           NA
  Colonoscopy                         23 (15.8) \[9.9 to 21.7\]    16 (11.0) \[5.9 to 16.1\]                                              NA                   14 (9.6) \[4.8 to 14.4\]                                                                                            NA
  Any CRC screening                   27 (18.5) \[12.2 to 24.8\]   28 (19.2) \[12.8 to 25.6\][^a^](#zoi190403t2n1){ref-type="table-fn"}   .88                  34 (23.3) \[16.4 to 30.2\][^b^](#zoi190403t2n2){ref-type="table-fn"}^,^[^d^](#zoi190403t2n4){ref-type="table-fn"}   .31
  Choice of colonoscopy, % (95% CI)   85.2 (71.8 to 98.6)          57.1 (38.8 to 75.4)[^c^](#zoi190403t2n3){ref-type="table-fn"}          .02                  41.2 (24.7 to 57.7)[^c^](#zoi190403t2n3){ref-type="table-fn"}                                                       \<.001

Abbreviations: CRC, colorectal cancer; FIT, fecal immunochemical testing; NA, not applicable.

One patient completed both screening colonoscopy and FIT in the sequential choice arm at 4 months.

One patient completed both screening colonoscopy and FIT in the active choice arm at 4 months.

*P* value of .05 / 2 = .025 was the threshold for statistical significance with Bonferroni correction to account for 2 pairwise comparisons.

One patient completed computed tomographic colonography at 6 months, which counted for any CRC screening.

Among the 53 patients who completed screening colonoscopy, 19 (35.8%) had adenomas (1 had an adenoma with high-grade dysplasia), and 1 (1.9%) was diagnosed as having colon cancer. Among the 37 patients who completed FIT, 2 (5.4%) were found to be positive, and both followed up with diagnostic colonoscopy. One of those patients had no polyps, and the other had a tubular adenoma with high-grade dysplasia. When evaluating by arm and including the results of screening and diagnostic colonoscopy after FIT, patients in the colonoscopy-only arm had 8 adenomas, those in the sequential choice arm had 8 adenomas, and those in the active choice arm had 4 adenomas and 1 cancer.

We also analyzed CRC screening response rates at 4 months by arm and overall among women, men, non-Hispanic white individuals, non-Hispanic black individuals, and the 2 primary care practices. Women had a response rate of 9.8% (8 of 82) in colonoscopy only, 17.3% (14 of 81) in sequential choice, and 21.8% (17 of 78) in active choice (*P* = .04). Otherwise, there were no differences in response rate by arm and overall among the other subgroups.

CRC Screening Choice {#H2-9-ZOI190403}
--------------------

Among those who completed CRC screening at 4 months, 90.5% (95% CI, 78.0%-103.0%) chose colonoscopy in the colonoscopy-only arm, which was significantly higher than the 52.0% (95% CI, 32.4%-71.6%; *P* = .005) and 37.9% (95% CI, 20.2%-55.6%; *P* \< .001) who chose colonoscopy in the sequential choice and active choice arms, respectively ([Figure 2](#zoi190403f2){ref-type="fig"} and [Table 2](#zoi190403t2){ref-type="table"}). Among those who completed CRC screening at 6 months, 85.2% (95% CI, 71.8%-98.6%) chose colonoscopy in the colonoscopy-only arm, 57.1% (95% CI, 38.8%-75.4%; *P* = .02) in the sequential choice arm, and 41.2% (95% CI, 24.7%-57.7%; *P* \< .001) in the active choice arm.

![CRC Screening Completion at 4 Months by Study Arm\
Error bars are 95% CI. CRC indicates colorectal cancer.](jamanetwopen-2-e1910305-g002){#zoi190403f2}

Postintervention Interviews {#H2-10-ZOI190403}
---------------------------

Of the 438 patients in the study, 90 (20.5%) were called to complete the postintervention interview, and 26 (28.9%) agreed to participate. Fifteen of the 26 patients (57.7%) reported receiving the mailed outreach invitation. Fourteen of the 26 patients (53.8%) would prefer to get screened by FIT in the future, with reasons including the ease of completion at home and that it does not require preparation or sedation. Eight of the 26 patients (30.8%) would prefer colonoscopy because it is required only every 10 years and it is recommended by a physician. Among 10 patients who completed the interview in the colonoscopy-only arm, 4 (40.0%) preferred FIT, and 5 (50.0%) preferred colonoscopy (the 10th patient did not have a preference). Among 9 interview participants in the sequential choice arm, 5 (55.6%) preferred FIT and 1 (11.1%) preferred colonoscopy (the other 3 patients did not have a preference between the 2 tests). Among 7 patients who completed the interview in the active choice arm, 5 (71.4%) preferred FIT and 2 (28.6%) preferred colonoscopy.

Discussion {#H1-4-ZOI190403}
==========

In this study of mailed CRC screening outreach, we found that adding the choice of FIT did not result in a statistically significant increase in overall completion rate compared with offering colonoscopy only. Although the overall rate did not change substantially, the framing of choice between colonoscopy and FIT altered the patient selection of screening test. Offering the choice of FIT reduced selection of colonoscopy, and active choice resulted in an even lower rate of colonoscopy compared with sequential choice.

These findings add to the literature exploring the role of choice in CRC screening promotion activities. One study^[@zoi190403r14]^ that evaluated screening in a clinic setting showed that offering the choice of colonoscopy or fecal testing resulted in higher initial rates than offering colonoscopy only, but a follow-up study^[@zoi190403r17]^ demonstrated that choice did not have greater uptake than colonoscopy at 3 years. Offering FIT sequentially to patients who did not respond to a population-based flexible sigmoidoscopy program increased screening participation.^[@zoi190403r18]^ Similar to our results, 2 studies^[@zoi190403r15],[@zoi190403r16]^ that evaluated different choices of testing through mailed outreach did not find increased uptake.

There are a few possible reasons why we did not find substantially higher rates of overall screening when offering the choice of FIT in colonoscopy outreach. First, the additional choice may have increased choice overload by expecting patients to choose between options with multiple different characteristics and considerations. In other contexts, when consumers are offered too many choices of items, they decrease overall consumption and are less satisfied.^[@zoi190403r24],[@zoi190403r25],[@zoi190403r26]^ In this case, even 1 additional choice may have reduced overall participation, perhaps because this is a prevention activity with immediate costs and distant future benefits. Although we did not directly compare offering FIT alone in this trial, 2 recent studies^[@zoi190403r20],[@zoi190403r31]^ at different primary care practices in the same health system offering similar mailed FIT outreach language showed response rates of 29.1% at 3 months and 28.9% at 6 months, respectively, which was higher than what we found for both choice options that included the same mailed FIT materials. Another study^[@zoi190403r11]^ demonstrated a 16.1% increase in CRC screening rate in response to mailed FIT kits compared with colonoscopy outreach alone. One would expect that offering colonoscopy in addition to mailed FIT should have a response rate no worse than that in mailed FIT alone.

Second, we offered the choice of screening in a mailed setting, which did not allow for patients to discuss the comparative risks and benefits of different screening options with a clinician. This is important to consider because health systems often rely on proactive population-based outreach programs. Third, our study was conducted in an insured population where colonoscopy is the main screening modality offered during office visits, which may explain greater participation in colonoscopy in all our study arms. Fourth, our sample size limited our ability to detect smaller increases in uptake by the choice arms that may be clinically important, and there is the possibility that choice may be associated with a modest increase in participation. However, given that colonoscopy is typically performed up to every 10 years, while FIT requires outreach every year, the higher rate of overall screening would need to be balanced with lower choice of colonoscopy.

In addition to the main findings about overall completion of screening, we also found that the framing of choice dramatically changed the decision between colonoscopy or FIT. In the colonoscopy-only arm, 90.5% of participating patients chose colonoscopy, while 37.9% chose colonoscopy in the active choice arm. Making colonoscopy the only or first choice implies to patients that it is the default option. In situations of complex decision making where patients may not have strong preferences, they will often be subject to status quo bias because the other option requires them to overcome inertia and opt out.^[@zoi190403r19],[@zoi190403r22],[@zoi190403r27],[@zoi190403r28],[@zoi190403r32]^ A prior study^[@zoi190403r20]^ showed that switching from opt-in to opt-out framing increased participation in mailed FIT from 10% to 29%. Our findings demonstrate that preference for the default option can also apply to choices between different screening options. One limitation to the sequential choice arm was that FIT was mailed 1 month after initial outreach if colonoscopy was not scheduled or completed. There is the possibility that waiting longer than 1 month could have allowed for greater participation in colonoscopy, which may be evaluated in future studies.

Strengths and Limitations {#H2-11-ZOI190403}
-------------------------

The strengths of this study are the prospective design and individual-level randomization. This was a pragmatic trial embedded in routine clinical operations, so the results reflect how different choices may affect patient behavior in real-world settings. The study population includes both urban and suburban clinical practices with a diverse population, which is similar to many health systems across the country. We also addressed an important clinical question, which is reflected in guidelines and clinical practice, but has not been evaluated to our knowledge in population health outreach programs.

There are also some limitations to this study. First, we did not have an arm that focused on mailed FIT only, although there are 2 concurrent studies^[@zoi190403r20],[@zoi190403r31]^ in the same health system that provide information about response rates. Second, we only focused on choice for mailed CRC screening outreach, so we were not able to fully address the differences in screening options. Future studies could explore choice architecture in the clinic setting, in which screening decision making can be observed directly. Third, our population included insured patients in an academic health system, so the results may not translate to other underserved settings. Fourth, we did not track outcomes after 6 months, and our time between colonoscopy and FIT for sequential choice was only 4 weeks. Longer-term studies could offer repeated reminders about colonoscopy before mailing an FIT kit in a sequential choice strategy to increase the choice of colonoscopy. Fifth, although we conducted medical record review for enrollment and outcomes, we may have missed CRC screening that occurred outside our health system. If there was differential capture of screening activities outside the health system between colonoscopy and FIT, we would likely miss more colonoscopies occurring at other facilities, which would have resulted in less of a difference in uptake between colonoscopy only and the choice arms.

Conclusions {#H1-5-ZOI190403}
===========

Our results show that subtle changes in sequencing or defaults can alter patient decision making related to preventive health. This has implications for CRC screening, as well as for many other clinical areas where clinicians have to guide patients on choices with many characteristics and trade-offs.

###### 

**Trial Protocol and Statistical Analysis Plan**

###### 

Click here for additional data file.

###### 

**Data Sharing Statement**

###### 

Click here for additional data file.
